Avian leukosis virus subgroup J (ALV-J) has successively infected white feather chickens, layer hens, cultivated yellow chickens, and indigenous chickens; infection rates and tumorigenicity have attracted increasingly extensive attention in China. To clarify the correlation of the epidemiological phenomenon of ALV-J with the evolution of envelope protein gp85, 140 strains of ALV-J isolated from chickens with different genetic backgrounds from 1999 to 2013 were compared. The homology of the gp85 protein and genetic genealogical relationships between 140 strains of ALV-J and the prototype strain HPRS-103, as well as between the same ALV-J strains and 8 American isolates, were analyzed and compared. The results showed that there was no significant difference in the variation range of homology of the gp85 protein between the prototype HPRS-103 and ALV-J isolates from different genetic backgrounds and different years. However, genetic pedigree analysis showed that virus strains that isolated from the same type of chickens remained close to each other on the phylogenetic tree, which means that there was a correlation between the genetic background of infected chickens and virus strains. Further analysis of amino acid sequences also found similar results and revealed that unique amino acid sites were formed in chickens with different genetic backgrounds, which proved that ALV-J could adapt to the new host through amino acid variation. Genetic sequence phylogenetic tree analysis was more representative than sequence homology comparisons for assessing ALV-J correlations. These conclusions contributed to the control and prevention of ALV infection. ALV-J is still prevalent in Chinese indigenous chickens, more attentions should be given to fulfill the purification.
INTRODUCTION
Avian leukosis virus subgroup J (ALV-J) is a type of oncogenic retrovirus that causes immunosuppressive and tumorigenic diseases in poultry and has been a large problem for the poultry industry for almost 20 yr (Weiss and Vogt, 2011; Payne and Nair, 2012) . ALV-J was first isolated in the UK in 1988, and spread to the rest of the world quickly, infecting almost all white feather broilers (Payne et al., 1991 (Payne et al., , 1992 Venugopal, 1999) . ALV-J was spread into China in the 1990s, and its pathogenicity gradually evolved in chickens with different genetic backgrounds. In its first 3 yr, ALV-J occurred only in the offspring of imported white feather C 2018 Poultry Science Association Inc. Received September 16, 2017. Accepted May 25, 2018. 1 These authors contributed equally to this work. 2 Corresponding authors: E-mail: zzcui@sdau.edu.cn (ZZC); zhaopeng@sdau.edu.cn (PZ) chickens with a tumor incidence of 20 to 30% (Cui et al., 2003; Thu and Wang, 2003) . Since 2004, however, ALV-J has been found in layer hens and quickly spread to cultivated yellow broiler chickens, causing an increase in death and neoplasia rates. It is noteworthy that the highest cancer rates were up to 30% (Xu et al., 2004) . In particular, layer hens infected with ALV-J have a higher death rate caused by superficial hemangioma and vascular rupture. During the period of 2007 to 2009, ALV-J broke out in commercial layer hens and shocked the international poultry industry.
The gp85 gene of ALV-J is closely related to viral antigenicity, tissue tropism and virulence, and it is the key gene for host infection (Venugopal et al., 1997) . Many research institutions in China and other countries have studied the homology of ALV-J gp85 gene from different sources (Venugopal et al., 1998; Silva et al., 2000; Pan et al., 2012; Jiang et al., 2014) . During the period of 1999 to 2001, the lowest amino acid homology of ALV-J isolates from white broiler chickens was approximately 82% (Cui et al., 2003) ; while the minimum amino acid homology of isolates from layer hens in 1999 to 2010 was 85% (Gao et al., 2010) . Mao found that there were large differences in the gp85 gene among 10 chickens that were infected with ALV-J; the gp85 homology among these chickens ranged from 80.3 to 97.1% (Mao et al., 2013) . Evidences have shown that the variation and evolution of the gp85 gene determine the viral antigenicity, tissue tropism, and virulence of ALV-J. Therefore, it is necessary to explore the mutational rule of the gp85 gene in chickens with different genetic backgrounds.
The homology of gp85 gene of ALV-J has a wide variation range in a group of chickens or even within a single chicken Meng et al., 2016) . The question remains whether it will cause serious harm if the virus generates unlimited variations in chickens with different genetic backgrounds in China. This study attempts to explore the epidemiological evolution and adaptability of gp85 in chickens with different genetic backgrounds in China.
MATERIALS AND METHODS

Ethics Statement
The animal experiments were approved by Shandong Agricultural University Animal Care and Use Committee.
Virus Strains
The gp85 sequences of ALV-J isolated between 1999 and 2013 from chickens in China with different genetic backgrounds (white feather broilers, layer hens, yellow feather broilers, and indigenous chickens) were collected from the National Center for Biotechnology Information or isolated by our lab. To compare gp85 variation trends of ALV-J isolates in chickens with different genetic backgrounds, a total of 140 isolates from the past 25 yr from different sources were chosen, including the ALV-J prototype HPRS-103 isolated from a white feather broiler in the United Kingdom (Payne et al., 1991) , 8 isolates from the USA (Bai et al., 1995; Silva et al., 2000) , 22 isolates from white feather broilers in China (Cui et al., 2003 (Cui et al., , 2006 , 42 isolates from yellow feather broilers in China (Sun and Cui, 2007) , 51 isolates from layer hens in China (Liu et al., 2011; Zhang et al., 2011; Gao et al., 2012; Ji et al., 2012; Cai et al., 2013; Li et al., 2013) , and 26 isolates from indigenous chickens in China. Detailed information about gp85 sequences of ALV-J isolates that were used for this study is listed in Table S1 .
Virus Isolation
Uncoagulated blood was collected sterilely and centrifuged at 1,200 r/min for 2 min. DF1 cells were then inoculated with plasma (slices were put before). Tissue samples were ground into slurry with 6 times the volume of PBS; the homogenate was transferred to a centrifuge tube in an ice bath at 4
• C, then centrifuged at 12,000 r/min for 3 min; and the supernatant was filtered through a 0.22 μm filter onto DF1 cells. DF1 cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Gibco, USA) with 10% Fetal Bovine Serum (FBS) at 37
• C in 5% CO 2 atmosphere. After 2 h, the culture supernatants were replaced with DMEM containing 2% FBS, after which they were maintained for 7 d. The p27 antigen in the supernatant was detected using ELISA with the Avian Leukosis Virus Antigen Test Kit (IDEXX, USA). DF1 cells were fixed for 5 min with an acetone: ethanol mixture (3:2, v/v). An indirect immunofluorescence antibody assay was then conducted using the anti-ALV-J monoclonal antibody JE9 (Qin et al., 2001 ).
PCR Amplification, Cloning, and Sequencing
All the RNA from positive samples was extracted by an RNA Extraction Kit (ABI, USA) following the manufacturer's instructions. The polymerase chain reaction (PCR) procedures for ALV-J gp85 isolation and identification in cell cultures were performed as previously described . Reverse transcriptionpolymerase chain reaction (RT-PCR) was performed by the two-step TAKARA RNA RT-PCR Kit (AMV) Ver. 3.0 (Takara, Japan). A total of 3 positive clones of each sample were sequenced by BGI Sequencing Technology Service Co., Ltd.
Sequence Analysis
The sequence alignments were compared with the other ALV-J reference strains obtained from the National Center for Biotechnology Information genbank database. The nucleotide and deduced amino acid sequences were aligned using the MegAlign software (DNASTAR, USA). Neighbor-joining (NJ) analysis, implemented in MEGA ver. 5.1 , was employed for constructing a phylogenetic tree, and NJ trees were subjected to 1,000 bootstraps.
RESULTS
Geographical Distribution of ALV-J Isolated in China
After statistical analysis, all the provinces in which the 140 strains of ALV-J were isolated were marked on a map of China. A total of 10 provinces were counted with instances of the infection of ALV-J (Figure 1 ). The deeper color in Figure 1 suggested that the province has more strains isolated. Among the provinces, Shandong, Jiangsu, and Guangdong were the top 3 provinces infected with ALV-J with a total of 115 strains.
Evolutionary Phylogenetic Tree of ALV-J gp85 Protein Isolated from Chickens with Different Genetic Backgrounds
From the phylogenetic tree analysis of gp85 protein (Figure 2 ), we observed that the distribution of ALV-J isolates from different types of chickens in China since 1999 correlated with the genetic background of the chickens significantly; most of ALV-J strains isolated from the same genetic backgrounds of chickens were concentrated in a branch, although there was still a certain amount of crossover between branches. However, the strains isolated from American white feather broilers before the 1990s distributed into different branches. A total of 3 (6827, 6803, and AF88) of the 8 American strains were located in 3 different branches, but 0661, Hc1, 4817 and strains isolated from Chinese white feather broilers belonged to 1 branch, while 5701, 6683 and isolates from Chinese yellow feather broilers belonged to another branch. Almost all of the isolates from Chinese white feather broilers were located in a distinct branch.
While HN0001, HB0301, and ZH-08 were distributed in the same branch as the strains isolated from Chinese yellow feather broilers, YZ9902 and the strains isolated from Chinese layer hens clustered in the same branch. Similarly, most of the isolates from Chinese white feather broilers were distributed in an individual branch. It is worth noting that almost all of the strains isolated from Chinese layer hens clustered to the same branch, and only HA08 clustered in the branch of isolates from Chinese white feather broilers. Variations of ALV-J tended to be distributed in concentric circles with HPRS-103 in the center. These results may suggest that the gp85 gene did not diverge further from the original ALV HPRS-103 during its spread to different types of flocks in China in the past 20 yr.
Homologous Amino Acid Comparisons of ALV-J from Chickens with Different Genetic Backgrounds and the Prototype ALV HPRS-103
The identity ranges of gp85 amino acid sequences between the prototype HPRS-103 and the strains isolated from American white feather broilers, Chinese white feather broilers, Chinese yellow feather broilers, Chinese layer hens, and Chinese indigenous chicken breeds are 86.6 to 95.5%, 88.9 to 95.8%, 86.9 to 93.8%, 87.0 to 96.7%, and 87.6 to 92.4%, respectively (Table 1) . The results showed that the UK strain HPRS-103, isolated in 1988, has a very low gp85 identity compared with the other 5 different kinds of strains (86.6 to 88.9%).
Homologous comparisons of ALV-J gp85 isolated from American white feather broilers and strains isolated from chickens with different genetic backgrounds in China are also listed in Table 1 . Among homologous . Phylogenetic tree to demonstrate evolutionary relationships of gp85 of ALV-J strains. 0-: ALV-J isolated from American white meat-type chickens; 1-: ALV-J isolated from Chinese white meat-type chickens; 2-: ALV-J isolated from Chinese yellow meat-type chickens; 3-: ALV-J isolated from layer hens; 4-: ALV-J isolated from Chinese indigenous breeds.
comparisons of gp85 from 140 strains, the lowest identity of 83.7% was observed between 6827 and SD0102 as well as between 6827 and NM2002-1. However, comparisons between strains isolated from American white feather broilers and ALV-J strains lately isolated from Chinese indigenous chicken breeds did not show more differences, indicating that there is no greater heterogeneity change of the gp85 gene; the difference in homology was not significant even though ALV-J strains have spread in chickens with different genetic backgrounds for more than 20 yr. The lowest gp85 identities among ALV-J strains isolated from different kinds of flocks ranged from 83.7 to 85.5%, which were not significantly different. The lowest gp85 identities among ALV-J strains isolated from the same type of flocks ranged from 85.6 to 87%, which were also insignificantly different and only slightly higher than the minimum homology of chickens with different breeds. The lowest gp85 homology among ALV-J strains isolated from indigenous Chinese chicken breeds in different territories in 2013 only had a homology of 85.9%, even below the lowest gp85 homology among ALV-J strains isolated from other kinds of chickens in China since 1999. These results show that the degree of ALV-J gp85 homology was not closely related to the genetic background of chickens, and its variability was highly random.
Variation Analysis of ALV-J gp85 Protein Isolated from Different Breeds of Chickens
Homologous comparisons of ALV-J isolated from different breeds of chickens and the inherent amino acids were analyzed. We found that there were relatively a few amino acids in ALV-J gp85 specific to Chinese white feather broilers and Chinese yellow feather broilers; just 6 or 7 sites had unique amino acid changes. For example, the 21st amino acid is R in white feather broilers, while it is Q in yellow feather broilers; the 66th amino acid is A in white feather broilers, but it is mainly T in yellow feather broilers. There are 10 to 14 amino acids changing in ALV-J gp85 isolated from Chinese indigenous chicken breeds and Chinese layer hens, such as the 147th site and 172nd site; furthermore, these variable sites focus on hypervariable region 1 and hypervariable region 2 (Table 2 ). This may relate to ALV-J constantly changing to suit different kinds of chickens.
Variation Trends of ALV-J gp85 Protein with Time
The homology of ALV-J gp85 protein between the prototype HPRS-103 and the strains isolated in different years ranged from 86.6 to 96.7%, which showed that the prevalent strains of ALV-J gp85 protein in the past 30 yr did not deviate from the original strain HPRS-103. Among the newest isolated ALV-J strains, strain 2-LH5-15 has the lowest homology (86.8%) with HPRS-103, while strain JS13-LY1-5 has the highest homology (92.1%) with HPRS-103. The homology of gp85 protein was determined between the other strains isolated in different years compared with the strain 2-LH5-15 (86.4 to 94.4%) and the strain JS13-LY1-5 (87.1 to 99.7%).
The results of the 3 methods comparing regression equations indicated that the homology of ALV-J gp85 protein in different strains was irrelevant to the isolated time; deviation from HPRS-103 of prevalent strains in different years is not related to the isolated time (Figure 3) . According to homology analysis, new strains are more likely to randomly change in different directions from the original strain HPRS-103 as time goes on. Thus far, the lowest homology was seen in the variant strain 6827 from white feather broilers in the US in 1997, which was 86.6% compared with HPRS-103.
DISCUSSION
ALV-J was found for the first time in 1999 in Chinese white feather broilers (Cui et al., 2003) , then spread to other breeds of chickens in China (Chesters et al., 2002; Xu et al., 2004; Sun and Cui, 2007) . For example, ALV-J infection in Chinese layer flocks has become widespread since 2008 (Cheng et al., 2010; Gao et al., 2010; Lai et al., 2011) . Many research institutions in China have isolated many ALV-J strains and made homology comparisons of the gp85 protein. However, these homology comparisons were either limited to a single breed of chicken, such as yellow feather broilers, layer hens or Chinese indigenous breeds, or were limited to comparisons to strains isolated from Chinese white feather broilers in the past (Fadly and Smith, 1999; Wu et al., 2010; Zhao et al., 2010; Lai et al., 2011; Dong et al., 2015) . This paper attempts to illuminate whether the adaptive process of ALV-J from white feather broilers to chickens with different genetic backgrounds is related to the evolution of the gp85 protein through comprehensive homologous comparisons of the gp85 protein from 140 representative strains of ALV-J isolated in the past 20 yr from white feather broilers, yellow feather broilers, layer hens, and Chinese indigenous chicken breeds. ALV-J infection occurred most frequently in Shandong, Jiangsu, and Guangdong provinces in China, which maybe because that they are all big live poultry markets for layer, meat-type, and indigenous breeds of chickens.
From the analysis of amino acid homologous comparisons of 140 representative strains of ALV-J gp85 protein, we can observe that there is no obvious difference in the degree of homology between strains derived from different hosts or between different strains and the original HPRS-103 strain. The range in homology has no close relationship to the isolation time and background of chickens. According to our analysis, new isolates are more inclined to vary randomly relative to the prototype HPRS-103 in different directions with the year, which suggested that the ALV-J strains isolated from chickens with different genetic backgrounds in China probably arose from a common ancestor. In fact, as RNA viruses had a high level of genetic variation due to the high error rate of their polymerases and high recombination rate, some researchers hypothesized that more and more ALV-J variants with lower homology compared with HRPS-103, the prototype of ALV-J, might be isolated, which might bring enormous challenges for vaccine design and ALV prevention and control. However, the results in this paper demonstrated that the variation rate of ALV-J since 1989 to date was limited in an acceptability range. Since gp85 protein played an essential role in the viral neutralization response, those conserved amino acids between those 140 ALV-J strains might have good potentials as immunogen of epitope vaccine. In contrast, most of the strains derived from the same genetic background were located in the same evolutionary branch in the phylogenetic tree. The evolutionary tree was more responsive to variation trends of ALV-J as it adapts to chickens with different genetic backgrounds than the homologous comparisons.
Heredity and variation are 2 of the basic features of all life. Because retroviruses lack an independent enzyme system, their replication cannot leave the body and cells. Their genetics and variation are affected by the internal and external environments of the host. To survive and remain intact, host bodies and cells have also developed a series of protective response mechanisms to fight virus proliferation and cell destruction. Viruses generally mutate by base swaps, since deletions and insertions tend to cause large changes in genome structure and even lead to viral death (Domingo et al., 2004) . The envelope protein gp85 was related to receptor recognition and binding, the viral neutralization response, the specificity of virus identifying host cells, and pathogenic and oncogenic characteristics. Also, the gp85 gene is the most active variation region of ALV-J. Among the ALV-J strains in this experiment, most strains mutate by base swaps. Some amino acid sites become specific to different genetic backgrounds of chickens. There are 6 to 7 unique amino acid sites in ALV-J from Chinese white and yellow feather broilers, for example, the 21st amino acid is R in white feather broilers, while it is Q in yellow feather broilers; the 66th amino acid is A in white feather broilers, but it is mainly T in yellow feather broilers. Also 10 to 14 amino acids were fixed in Chinese indigenous chicken breeds and Chinese layer hens, such as the 147th site and 172nd site; furthermore, these variable sites mainly focus on hypervariable region 1 and hypervariable region 2. It can be deduced that the constant variation helps ALV-J more easily adapt and survive in different genetic backgrounds of Chinese chickens.
The phylogenetic tree analysis and the fixation of amino acids showed similar results. A total of 41 layer isolates collected from 9 provinces in China between 2008 and 2010 were deemed to belonged to 2 separate, highly diverse subgroups based on their gp85 sequences , however, within the same host, the sites are relatively concentrated, most strains from the same genetic background are located in the same evolutionary branch. The phylogenetic analysis of those ALV-J isolates revealed that all these isolates belonged to 4 different subgroups, suggesting that the variation of ALV-J is closely related to the host environment. Also, since the gp85 protein was involved in oncogenesis process, this phenomenon might partly explain the reason why broiler-origin ALV-Js tended to induce myelocytoma while layer-origin ALV-Js tended to induce hemangioma. In addition, the results of the homology and isolated time indicated that the homology of ALV-J gp85 protein in different strains was irrelevant to the isolated time; or deviation from HPRS-103 of prevalent strains in different years is not related to the isolated time. According to homology analysis, new strains are more likely to randomly change in different directions from the original strain HPRS-103 as concentric circles. Viral mutation is a dynamic process in the host, and while RNA viruses have a higher mutation rate relative to DNA viruses, their mutations are also affected by the host environment, constraints, and selection; although the host environment changes, ALV-J gp85 genes still maintain transmissibility within a subgroup.
CONCLUSIONS
In summary, a 15-yr period (1999 to 2013) genetic analysis was performed on 140 ALV-J strains isolated from different breeds of chickens in China. Through sequence analysis of ALV-J, it is implied that there is high host dependency. The breeds of chickens infected with ALV-J have changed over this period, and the main host of ALV-J in China is currently indigenous chickens. These conclusions may contribute to the control and prevention of ALV infection.
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